Study Design. The Oswestry Disability Index v2.0 (ODI), SF36 Physical Function Domain (SF-36 PFD), and PROMIS Physical Function CAT v1.2 (PF CAT) questionnaires were prospectively collected from 1607 patients complaining of back or leg pain, visiting a university-based spine clinic. All questionnaires were collected electronically, using a tablet computer. Objective. The aim of this study was to compare the psychometric properties of the PROMIS PF CAT with the ODI and SF36 Physical Function Domain in the same patient population. Summary of Background Data. Evidence-based decisionmaking is improved by using high-quality patient-reported outcomes measures. Prior studies have revealed the shortcomings of the ODI and SF36, commonly used in spine patients. The PROMIS Network has developed measures with excellent psychometric properties. The Physical Function domain, delivered by Computerized Adaptive Testing (PF CAT), performs well in the spine patient population, though to-date direct comparisons with common measures have not been performed. Methods. Standard Rasch analysis was performed to directly compare the psychometrics of the PF CAT, ODI, and SF36 PFD. Spearman correlations were computed to examine the correlations of the three instruments. Time required for administration was also recorded. Results. One thousand six hundred seven patients were administered all assessments. The time required to answer all items in the PF CAT, ODI, and SF-36 PFD was 44, 169, and 99 seconds. The ceiling and floor effects were excellent for the PF CAT (0.81%, 3.86%), while the ceiling effects were marginal and floor effects quite poor for the ODI (6.91% and 44.24%) and SF-36 PFD (5.97% and 23.65%). All instruments significantly correlated with each other. Conclusion. The PROMIS PF CAT outperforms the ODI and SF-36 PFD in the spine patient population and is highly correlated. It has better coverage, while taking less time to administer with fewer questions to answer.
1
Both disease-specific measures and general outcome measures are frequently obtained. In the lumbar spinal disorder patient population, particularly the lumbar surgical patient population, the Oswestry Disability Index (ODI) is the most commonly used disease-specific measure and the SF-36 is the most common general outcome measure obtained. 2, 3 Ten items of the 36 in the SF-36 are scored for the Physical Function Domain (SF-36 PFD). Due to the length of 10 and 36 items, respectively, there is a patient and physician office burden to administering the instruments on a regular basis, and that burden increases when multiple measures are administered.
In 2004, the PROMIS group began work, funded by the National Institutes of Health, on the development of new outcome measures using Item Response Theory (IRT). 4, 5 The approach taken was to develop measures that test domains of health, such as physical, mental, and social health, instead of disease-specific measures. All measure scores are given as a T-score (mean ¼ 50, standard deviation ¼ 10). The measures were also developed with a plan to use computerized adaptive testing (CAT), allowing for high levels of accuracy with lower burden. 6 For the spine patient population, one of the most relevant PROMIS domains is the Physical Function domain, as most patients visit the physician's office complaining of loss of function and desire a return to increased function. This PROMIS PF domain (v1.2) has 121 items that place patients on the continuum of function from extremely low to very high. Using CAT allows for accuracy similar to delivering all of the items, but generally only requires delivery of four to six items. The advantages of CAT in reducing the patient and office burden have been well studied. [7] [8] [9] [10] Initial assessment of the PROMIS Physical Function Domain in a spine patient population revealed excellent psychometric properties, with excellent fit, reliability, as well as excellent coverage, with a floor effect of only 0.2% and ceiling effect of 1.7%. 11 Although questions have been raised about the potential deficits of the most common disease-specific and general outcome measures used in the spine populations, the ODI, and the SF-36, direct head-to-head comparisons with the PROMIS PF CAT have not been tested in the same patient population. 12, 13 This study aims to directly compare each of these patient-reported outcome measures directly, as well as assess their correlation; If well correlated, to link scores and allow for calculating one score from the other when comparing studies or older data to newer data.
MATERIALS AND METHODS

Data Collection
Completed ODI v2.0, SF36 PFD, and PROMIS Physical Function CAT v1.2 (PF CAT) questionnaires were used in this study from 1607 consecutive patients visiting a tertiary, university-based spine center with the chief complaint of back or leg pain that completed the outcome measures. All questionnaires were collected electronically at the time of the visit and before seeing the doctor using a tablet computer. Patient responses were linked with patient demographic information already on file. Institutional Review Board Approval was obtained.
Description of Instruments
The ODI has 10 items and is scored on the basis of the answers chosen for each question.
14 If the first statement is chosen (least disabled answer), then 0 points are given to that question, while if the last (most disabled) statement is chosen, then 5 points are given for that question. The intermediate statements are scored according to rank, sequentially. The total ODI score is calculated by summing the individual item scores and dividing by (5 Â the number of items answered) and multiplied by 100% [e.g., score of all items added together is 20 divided by 5 Â 10 items answered (50) Â 100% ¼ 40%]. If an item answer was missing and 9 items scored with a score of 18, then the above scoring method would be: 18 divided by 5 Â 9 items [(45) Â 100% ¼ 40%)].The total score has a range of 0% to 100%, with 0% being the least disabled and 100% being the most disabled.
The SF-36 PFD has 10 items and category responses range from 1 to 3: scores for category 1 ¼ 0 (limited a lot); for category 2 ¼ 50 (limited a little); and for category 3 ¼ 100 (not at all limited). The total score is created by summing up the individual item score for all 10 items, then dividing by 10. Its total score ranges from 0 to 100, with 0 being the lowest physical function and most disabled and 100 having the highest functioning.
The PROMIS PF CAT was administered from the PROMIS Physical Function item bank v1.2, which consists of 121 items, each individually validated and calibrated along the continuum of physical function, using IRT. The algorithm for the CAT, which assigns the next item to be answered by the patient based on the previous answers, was provided through an application program interface (API) connected to the PROMIS Assessment Center (Assessment Center; PROMIS Group, Chicago, IL). Item category responses range from 1 to 5. The scores for the PF CAT were recorded in T scores, derived from the US population, with a mean score of 50 and standard deviation of 10 points. Low scores in the PF CAT represent low physical function, while high scores represent high physical function.
Analytic Approach
Patient characteristics were examined using a number of descriptive statistics, including mean, standard deviation, proportion, and correlation as appropriate. Psychometric evaluations of the three instruments were carried out using Rasch analysis, a method based on IRT. 15 The Rasch partial credit model allows patients and items (e.g., individual questions) to be incorporated into the same metric to provide meaningful score comparisons. This type of modeling is increasingly used in modern instrument evaluation. 16, 17 Alternative modeling approaches including two-, three-, and four-parameter IRT models have been extensively discussed in the literature. 18, 19 The specific instrument qualities analyzed here include item fit, dimensionality, coverage, and reliability. Instrument correlations, time for administration as well as item level statistics were reported. Spearman correlations were computed between the three instruments to check whether the instruments were related to each other. They were reported with an r coefficient in the range from À1 to 1.
Fit
The outfit Mean Square (MNSQ) statistic is used to fit the data to the Rasch partial credit model. An outfit MNSQ less than 2 is considered a good fit. 20 If there is not a good fit of the data to the Rasch model, no further analysis using this model would be recommended, as it is unlikely that the instrument conforms to the assumptions of this type of quantitative analysis. 15 
Dimensionality
Unidimensional instruments measure only one underlying idea, construct, or phenomenon. If there is more than one factor influencing scale scores, a measure is considered to be multidimensional, for example, a measure of physical function might be influenced by depression or pain. If after controlling for the first dimension, the unexplained variance of the residuals is greater than 5%, this indicates extra noise in the measurement or a lack of unidimensionality of the scale. 21 Principle component analyses of the residuals was used to evaluate dimensionality of the instruments being assessed.
Reliability
Reliability can be assessed both at the item and individual level. Item reliability is the extent to which the item scores are reproducible with a similar population. Person reliability is the extent to which patient physical function scores are reproducible. The item and person reliabilities are reported as an r coefficient and falls within the range of À1 to 1.
Coverage
Coverage is the extent to which an instrument is able to accurately measure the full range of the trait, particularly at the low end and high end, for the group being examined. Coverage is displayed by the person-item histogram that places the patient scores along the trait in the top panel against the instrument item measures in the bottom panel. The horizontal axis reflects the continuum of the trait being tested from low to high (i.e., disability due to back pain for the ODI, and physical function for the SF-36 PFD and PF CAT). The vertical axis represents the number of patients above and the number of items at that specific trait score or level. The area of the distribution in which person counts are not mirrored by item coverage suggests a lack of sensitivity in the instrument. The trait continuum for each measure is graphed, as it is used clinically, meaning that high scores on the ODI are high disability due to back pain (poor function), while high scores for the SF-36 PFD and PF CAT are good physical function. Good coverage is indicated by the ability to differentiate patients across the full spectrum of the assessment range. Greater than 15% ceiling or floor effects are considered as lacking instrument coverage or sensitivity.
RESULTS
Demographics
A total of 1607 patients completed the instruments with a mean age of 54.2 years (range, 18-96 yrs) (Figure 1 ). Demographic information is presented (Table 1 ) and indicated that 765 patients were male (47.6%) and 842 were female. A total of 1414 patients were identified as Caucasian (89.7%) and 95 (6.1%) identified as Hispanic ethnicity. 
Item Level Statistics
The distribution of scores across the three outcome measures is presented in Table 2 . The average ODI score was 38. (Figure 4) . Evaluating individual items, category 3 was chosen most often (32%) and category 5 was chosen least often (2%). There was good spread across answer choices with category 1 (25%), category 2 (31%), and category 4 (10%). Average point biserial correlations ranged from 0.33 to 1.00. 
Dimensionality
Both the ODI and the SF-36 PFD were marginally unidimensional with 6.9% unexplained variance in the residuals of the first dimension for the ODI and 6.8% unexplained variance with the SF-36 PFD. The PF CAT demonstrated sufficient unidmensionality, with unexplained variance in the residuals of the first dimension being 2.6%.
Coverage
The ODI ( Figure 5 ) had a poor coverage in the low disability range (a floor effect of 44.24%), and adequate coverage at the high disability range (ceiling effect of 6.91%). The SF-36 PFD person-item histogram ( Figure 6 ) had a poor coverage at low physical function (floor effect of 23.65%) and fairly good coverage at high physical function (ceiling effect of 5.97%). Coverage for the PF CAT ( Figure 7 ) was excellent for both low and high physical function (floor effects of 3.86% and ceiling effects 0.81%).
Reliability
All instruments demonstrated good person and item reliability (Tables 3 and 4 
Error
Error is a measure of the accuracy of the score along the continuum being evaluated. Error varies depending on the location of the patient's score along the trait level being measured. The PROMIS PF CAT showed lower error then the SF-36 or ODI at all levels of function. It was less than the threshold of 0.32 for scores of subjects almost 3 standard deviations below the mean physical function to almost 5 standard deviations above the mean physical function. SF-36 maintained an error of 0.32 or less for 1.5 standard deviations below the mean to approximately 1 standard deviation above the mean. The ODI did not reach an error threshold of 0.32 at any level of function.
Differential Item Functioning
All three patient-reported outcome measures had some items that functioned differently on the basis of the patient's age or gender. The PROMIS PF CAT had five items having age Differential Item Functioning (DIF) ( Table 5 ) and two items having gender DIF (Table 6 ). The SF-36 PFD had four items having age DIF and five items having gender DIF. The ODI had six items having age DIF and three items having gender DIF.
DISCUSSION
The PROMIS set of outcomes tools has been an NIH-driven initiative that set out to provide clinicians and researchers with efficient, precise, and valid outcome measures. Over the past 11 years, PROMIS tools have been validated in a variety of populations ranging from rotator cuff disease to depression. [22] [23] [24] [25] [26] PROMIS scores have been shown to outperform legacy measures in a number of populations. 24, 27, 28 This study is the first to compare the PROMIS Physical Function domain to the ODI and SF-36 in a large population of spine patients.
The clinical usefulness of a test is a balance between the test's performance and time burden. Rasch analysis summarizes performance by measuring a test's fit, dimensionality, reliability, and coverage. The PROMIS PF CAT outperformed both the SF-36 and the ODI in all four categories. The unidimensionality of a scale is the property of a scale that allows it to evaluate a single trait at a time without being influenced by other traits. The variance of a perfectly unidimensional question is fully accounted for by the trait being tested. The SF-36 PFD and ODI moderate unexplained variance, while the PF CAT had far less unexplained variance. This suggests that the PROMIS PF CAT is a more direct evaluation of physical function in this population and is less influenced by other traits. The PROMIS PF CAT outperformed both the SF-36 PFD and the ODI in terms of coverage, both in ceiling effect and floor effect, as well as lower error through the continuum of the trait tested. The ODI had poorer coverage at the low disability/high function end of the continuum, than both the PF CAT and the SF-36 PFD, while the SF-36 PFD had poorer coverage at the high disability/low function end of the continuum, than the PF CAT and the ODI. The PF CAT also had lower error along the entire continuum for a much broader range than either the SF-36 PFD or ODI. These psychometric properties are key elements in selecting an appropriate tool for the population being studied. In terms of choosing between the SF-36 and the ODI, the SF-36 is the more appropriate choice for a higher functioning population, while the ODI is the better instrument for a low functioning population. This study suggests that the PROMIS PF-CAT is more sensitive for both high and low functioning populations of spine patients, and is potentially a better instrument for both.
The advantages of computer adaptive testing allowed the PROMIS PF CAT to reach this higher level of performance with a substantially lower question burden. With average completion times for the PROMIS PF at less than half the SF-36PFD and less than one-third of the ODI completion time, there is further advantage beyond psychometric improvements for regular clinical use. The PROMIS PF CAT provides lower burden to the patient and clinic. Rasch modeling has been applied to both the ODI and SF-36PF to explore the psychometric properties of both tests in a variety of populations. [29] [30] [31] Lu et al. 29 found that the ODI is a unidimentional instrument in a heterogeneous population of patients with back pain. The outfit statistics of 0.55 to 1.26 presented in that study are similar to the performance of the ODI in our population. Hsiao et al. 31 found that the SF-36PF performs in a unidimentional manner in a population of opiate-dependent patients. This is in contrast to a study of patients with Parkinson disease that found evidence that SF-36 may not be unidimentional in that population. 32 This underlines that the psychometric properties of these instruments are specific to the population that they are tested in.
The major limitation of this study is that it is a single-center cohort of patients. While the sample size is large, at 1607 patients, it is limited to the geographical and demographic heterogeneity of this institution's patient population. Further studies are necessary to investigate the extrinsic validity of these findings in other spine populations.
CONCLUSION
The PROMIS PF CAT outperformed the ODI and SF-36 PFD in the psychometric properties of dimensionality, reliability, and coverage. In addition to the better performance, the PROMIS PF CAT presented a lower burden to the patient with substantially less time and questions required to complete the survey. This represents a significant step forward in the development of novel PRO measures for the spine patient population.
Key Points
The PROMIS PF-CAT outperformed the SF-36 and the ODI in terms of all three psychomentric properties investigated: coverage, unidimentionality, and reliability PROMIS PF-CAT required less patient and office burden; it achieved better psychometric performance with less questions and less time needed to complete the survey. PROMIS PF-CAT scores correlated well with SF-36 and ODI scores.
